ABSTRACT. Background: In this paper, an economic production quantity model is considered under a fuzzy environment. Both the demand cost and holding cost are considered using fuzzy pentagonal numbers. The Signed Distance Method is used to defuzzify the total cost function.
INTRODUCTION
In real-life situations, exact data are often inadequate for a mathematical model. Inventory is a physical stock that a business keeps on hand in order to promote the smooth and efficient running of its affairs. But in practice, the effects of deterioration, shortages, holding cost, ordering cost etc. are important for inventory. Various types of uncertainties are involved in any inventory system. Historically, probability theory has been the primary test for representing uncertainty in mathematical models. Because of this, all the uncertainty was assumed to follow the characteristics of random uncertainty. A random process was one where the outcome of any particular realization of the process is strictly a matter of chance, and prediction of a sequence of events is not possible. Fuzzy set theory is an excellent tool for modeling the kind of uncertainty associated with vagueness, imprecision and the lack of information regarding a particular problem at hand. Initially, L.A. Zadeh [1963] introduced the concept of fuzzy sets. In this area a lot of research papers have been published by several researchers viz. S. K. Goyal [1985] , Z.T. Balkhi [1998] , K.J. Chung[2000] , T. Chang [2003] , Huang [2007] , G.C. Mahata and A. Goswami [2010] , S. K. Indrajitsingha et. al. [2015] .
In this paper, we develop the EPQ model with a time-dependent demand rate using a pentagonal fuzzy number. The average total inventory costs in the fuzzy sense are derived. The parameters are fuzzified by pentagonal fuzzy number. The fuzzy model is defuzzified by using the Signed Distance Method. Indrajitsingha S.K., Routray S.S., Paikray S.K., Misra U., 2016 , Fuzzy economic production quantity model with time dependent demand rate. LogForum 12 (3), 193-198. DOI: 10.17270/J.LOG.2016 
DEFINITIONS AND PRELIMINARIES
In order to treat a fuzzy inventory model by using the graded mean representation method to defuzzify, we need the following definitions. 
ASSUMPTIONS
The following assumptions are made throughout the manuscripts: 1. Items are produced and added to the inventory. 2. The lead time is zero. 3. Two rates of production are considered. 4. No shortage is allowed. 5. The production rate is proportional to the demand rate. 6. The production rate is always greater than the demand rate. Indrajitsingha S.K., Routray S.S., Paikray S.K., Misra U., 2016 , Fuzzy economic production quantity model with time dependent demand rate. LogForum 12 (3), 193-198. DOI: 10.17270/J.LOG.2016 195 KI = setup cost. 4 = fuzzy demand. I = fuzzy holding cost per unit time. G J = total fuzzy inventory cost per unit time. L M = production quantity in the Signed Distance Method. G JM = defuzzifying value of G J by applying Signed Distance method.
MATHEMATICAL FORMULATION
In this model it is assumed that the production starts with a rate F , at , = 0 and is stopped at , = G > 0. It is also assumed that from the starting itself the demand is met. As F is assumed as F = O4 , O > 1 , during the interval [0, G ] , the inventory accumulates at a rate F − 4. During the interval [G , G ] , there is no production and only the inventory is consumed as per the demand till it becomes zero at , = G .Thus the rate of change of inventory is governed by the differential equations. Solution of (5.1) and (5.2) with the condition E(0) = 0, E(G ) = E B , E(G) = 0, and G = G + G is given by 
CRISP MODEL

FUZZY MODEL
Due to uncertainty in the environment, it is not easy to define all the parameter precisely, thus we assume some of these parameters " e , # and I may change within some limits. Indrajitsingha S.K., Routray S.S., Paikray S.K., Misra U., 2016 , Fuzzy economic production quantity model with time dependent demand rate. LogForum 12 (3), 193-198. DOI: 10.17270/J.LOG.2016 Let " e = (" , " , " c , " f , " g ) ,# = (# , # , # c , # f , # g ), I = (ℎ , ℎ , ℎ c , ℎ f , ℎ g ) are pentagonal fuzzy numbers.
The total cost of the system per unit time in the fuzzy environment is given by
We defuzzify the fuzzy total cost G J by the Signed Distance Method. By the Signed Distance Method, the total cost is given by
Where
NUMERICAL EXAMPLE
Consider the inventory system with the following parametric values: 
FUZZY MODEL
" i = (600,800,1000,1200,1400), # = (0. 16,0.18,0.20,0.22,0.24) , I = (1,1.5,2,2.5,3) The solution of the fuzzy model can be determined by the Signed Distance Method. Indrajitsingha S.K., Routray S.S., Paikray S.K., Misra U., 2016 , Fuzzy economic production quantity model with time dependent demand rate. LogForum 12 (3), 193-198. DOI: 10.17270/J.LOG.2016 
SENSITIVITY ANALYSIS
A sensitivity analysis is performed to study the effects of changes in parameters P and C2. From the above observation we have concluded as follows: − As the value of C2 increases, the fuzzy total cost G JM increases. − As the value of P increases, the fuzzy total cost G JM increases.
In the cases of both production cost and setup cost, the fuzzy total cost increases more in event of an increase in production cost as compared to an increase in the setup cost.
CONCLUSION
This paper presents a fuzzy EPQ model with a time-dependent demand rate. The demand and setup cost is represented by pentagonal fuzzy numbers. To evaluate the total fuzzy cost the Signed Distance Method was used. A sensitivity analysis was also conducted to determine the behavior of changes in parameters. For instance, we may extend this model to use a graded mean representation method and centroid method etc.
